After its discovery in 2001, human metapneumovirus (HMPV) was identified as a common agent of respiratory tract infections (RTIs) that is very similar to respiratory syncytial virus (RSV) in epidemiologic and clinical characteristics. ([1](#b1){ref-type="ref"}, [2](#b2){ref-type="ref"}) Seroepidemiologic surveys indicate that the virus has world‐wide distribution. More than 90% of individuals contract HMPV infection by the age of 5 years, typically during late autumn through early spring outbreaks. HMPV accounts for 15--25% of the cases of bronchiolitis and pneumonia in children \<2 years of age. Older children and adults can also develop symptomatic infection. The association of HMPV with other community‐acquired respiratory viruses (CARVs), particularly RSV, seems to increase its morbidity compared with isolated infections ([2](#b2){ref-type="ref"}). HMPV infection has seen been reported as a cause of severe disease in immunocompromised hosts ([3](#b3){ref-type="ref"}, [4](#b4){ref-type="ref"}).

CARVs cause severe infections in lung transplant recipients ([5](#b5){ref-type="ref"}, [6](#b6){ref-type="ref"}). A high proportion of lung transplant patients infected with CARVs develop lower RTIs, such as pneumonitis and bronchiolitis, which require hospitalization and occasionally lead to fatal outcomes. In addition, bacterial and fungal superinfections may complicate the course of respiratory viral infections. CARV infections have also been associated with acute rejection and with the development of bronchiolitis obliterans syndrome (BOS), which is the clinical manifestation of chronic rejection in lung transplant patients ([7](#b7){ref-type="ref"}, [8](#b8){ref-type="ref"}, [9](#b9){ref-type="ref"}).

The goal of this study was to determine the incidence and morbidity of HMPV in new‐onset RTIs of lung transplant recipients. The secondary objective was to compare the morbidity of RTIs associated with CARVs, including HMPV, with that of RTIs whose causative agents did not include CARVs (non‐CARV). The CARVs sought for in this study included influenza viruses (FLU) A and B, parainfluenza viruses (PIV) 1, 2, and 3, RSV A and B, human rhinoviruses (HRV), and adenoviruses (ADV).

Subjects and methods {#ss1}
====================

Subjects and definitions of clinical syndromes {#ss2}
----------------------------------------------

A total of 60 lung transplant recipients who reside in Denver and are followed at the University of Colorado Denver consented to enroll in this prospective study to determine the incidence of HMPV and other CARVs in new onset RTI. The study was approved by the local Institutional Review Board. Subjects with signs and symptoms suggestive of upper RTI, such as rhinorrhea, sore throat, or cough, underwent nasal washes; those whose signs and symptoms suggested lower RTI, including wheezing, a \>10% fall in forced expiratory volume in 1 s (FEV~1~), shortness of breath, or oxygen desaturation, underwent bronchoscopy with bronchoalveolar lavage (BAL). Subjects with paramyxovirus infections, including HMPV, PIV, and RSV, were treated for 5 days with inhaled ribavirin (2 g/dose thrice daily) and with a single dose of intravenous (IV) immunoglobulin (400 mg/kg). Patients with RSV also received a single dose of palivizumab (7.5 mg/kg). If the subjects continued to shed virus after 5 days, an additional 2 days of inhaled ribavirin therapy was administered. Patients with FLU A or B received 5 days of oral oseltamivir (75 mg twice daily), but no viral shedding test was performed at the end of therapy. All patients with lower respiratory symptoms received 3 days of IV methylprednisolone 10 mg/kg/day.

Acute rejection was diagnosed clinically based on a combination of a fall in FEV~1~ below baseline, fever, hypoxia, wheezing, diffuse infiltrates on chest x‐ray, and transbronchial biopsy. In cases where transbronchial biopsies were performed, acute rejection was diagnosed histologically and graded based on criteria defined by the International Society for Heart and Lung Transplantation ([10](#b10){ref-type="ref"}). Treatment of acute rejection consisted of methylprednisolone IV at 10 mg/kg for 3 days. Chronic rejection was defined clinically as BOS with an irreversible decline in FEV~1~ of \>20% from baseline ([11](#b11){ref-type="ref"}, [12](#b12){ref-type="ref"}).

Respiratory viruses polymerase chain reaction (PCR) {#ss3}
---------------------------------------------------

A reverse‐transcription (RT) PCR coupled with hybridization in 96 microtiter wells was used to detect HMPV, FLU A and B, PIV 1, 2, and 3, RSV A and B, and HRV ([13](#b13){ref-type="ref"}, [14](#b14){ref-type="ref"}, [15](#b15){ref-type="ref"}, [16](#b16){ref-type="ref"}). Total RNA was extracted from 200 μL specimens using the QIAamp viral RNA minikit (QIAGEN Inc., Valencia, California, USA). The primers and probes used in this study are listed in [Table 1](#t1){ref-type="table"}. RT‐PCR was performed using Qiagen OneStep RT‐PCR Kit (QIAGEN Inc.). The assay was carried out in a 50 μL reaction containing 1 × reaction buffer, 0.4 mM dNTPs, 0.6 μM of each primer, 5 U of RNase inhibitor, 2 μL of Qiagen OneStep RT‐PCR Enzyme Mix, and 5 μL of extracted RNA. Amplification conditions consisted of 30 min at 50°C; 15 min at 95°C; 2 cycles of PCR for 30 s each at 94°C and (94°C and 55°C) 51°C, and 40 s at 72°C; 38 cycles for 30 s each at 94°C and 55°C, and 40 s at 72°C; a final extension at 72°C for 7 min. Microwell hybridization was performed by adding 25 μL of denatured PCR products in 100 μL of hybridization buffer (R&D Systems, Minneapolis, Minnesota, USA) to specific probe‐coated wells, followed by a 60‐min incubation at 37°C. Wells were washed 5 times with 200 μL wash solution per well and bound amplicon was revealed with Streptavidin‐HRP (R&D Systems) and TMB substrate (R&D Systems). The optical density was read at 450 nm. Samples with optical density ≥0.5 were considered positive. Positive and negative controls were included in each run. The sensitivity and specificity of this method were assessed using respiratory specimens characterized previously by culture and an alternative PCR ([17](#b17){ref-type="ref"}).

###### 

  **Primers and probes used in the study**

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  HMPV -- primers (MPVN‐F, 5′Biotin‐CTACAGGCAGCAAAGCAGAAG‐3′ and MPVN‐R, 5′Biotin‐CAGATTCAGGGCCCATTTCTC‐3′) and probe (MPVN‐Pb, 5′‐GTCATTGCCAGGTCATC‐3′) from conserved region of the HMPV nucleoprotein gene
  FLU A -- primers (P1,5′Biotin‐AAGGGCTTTCACCGAAGAGG‐3′; P2,5′Biotin‐CCCATTCTCATTACTGCTTC‐3′) and probe (5′‐GTCCTCATCGGAGGACTTGAATGGAATGAT‐3′) from nonstructural protein gene
  FLU B -- primers (P1,5′Biotin‐ATGGCCATCGGATCCTCAAC‐3′; P2, 5′Biotin‐TGTCAGCTATTATGGAGCTG‐3′) and probe (5′‐GTCAAGAGCACCGATTATCAC‐3′) from nonstructural protein gene
  RSV -- primers (P1, 5′Biotin‐TGTTATAGGCATATCATTGA‐3′; P2, 5′Biotin‐TTAACCAGCAAAGTGTTAGA‐3′) and probe (5′‐CCTGCATTAACACTAAATTC‐3′) from the F1 subunit of the fusion glycoprotein gene
  PIV 1 -- primers (P1, 5′Biotin‐CACATCCTTGAGTGATTAAGTTTGATGA‐3′; P2, 5′Biotin‐ATTTCTGGAGATGTCCCGTAGGAGAAC‐3′) and probe (5′‐TACCTTCATTATCAATTGGTAAGTCAATATATG‐3′) from the hemagglutinin‐neuraminidase gene
  PIV 2 --primers (P1, 5′Biotin‐AACAATCTGCTGCAGCATTT‐3′; P2, 5′Biotin‐GCCCTGTTGTATTTGGAAGAGA‐3′) and probe (5′‐CCATTTACCTAAGTGATGGAAT‐3′) from the hemagglutinin‐neuraminidase gene
  PIV 3 -- primers (P1, 5′Biotin‐TAGCAGTATTGAAGTTGGCA‐3′; P2, 5′Biotin‐AGAGGTCAATACCAACAACTA‐3′) and probe (5′‐AAAATTCCAAAAGAGACCGGC‐3′) from the 5′ non‐coding region of the fusion protein gene
  HRV‐primers (P1, 5′Biotin‐GCACTTCTGTTTCCCC‐3′; P2, 5′Biotin‐CGGACACCCAAAGTAG‐3′) and probe (5′‐GCATTCAGGGGCCGGAG‐3′) from the 5′non‐coding region
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

HMPV, human metapneumovirus; FLU, influenza; RSV, respiratory syncytial virus; PIV, parainfluenza virus; HRV, human rhinovirus.

ADV was detected by real‐time PCR. DNA was with QIAamp DNA Blood Mini Kit. The primers (AQ1, 5′‐GCCACGGTGGGGTTTCTAAACTT‐3′; AQ2, 5′‐GCCCCAGTGGTCTTACATGCACATC‐3′), and TaqMan probe (AP, 5′ 6FAM‐TGCACCAGACCCGGGCTCAGGTACTCCGA‐XT‐PH‐3′) were from the conserved region of the hexon gene ([18](#b18){ref-type="ref"}). PCR was carried out in the LightCycler (Roche Applied Science, Indianapolis, Indiana, USA) in a total reaction volume of 20 μL using the FastStart DNA Master Hybridization Probe Kit (Roche) including 3.5 mM MgCl2, 0.5 μM of each primer, 0.4 mM probe, and 10 μL of DNA extract. Reaction conditions were denaturation at 95°C for 10 min; 45 cycles of amplification for 3 s at 95°C, 10 s at 55°C, 60 s at 65°C; and then cooling to 40°C for 30 min. Fluorescence data were acquired at the end of each extension step in channel F1. The limit of detection of the assay was 2 copies/reaction. This real‐time PCR detects all 51 human ADV prototypes with a sensitivity and specificity of 96% and 100%, respectively.

Respiratory viral culture {#ss4}
-------------------------

Respiratory viral culture was performed as described previously ([19](#b19){ref-type="ref"}) and included shell‐vial rapid and tube conventional cultures for FLU A and B, PIV 1, 2, and 3, RSV, HRV, and ADV.

Statistical analysis {#ss5}
--------------------

A study‐specific database was used to collect the clinical and microbiological information. Statistical tests were performed using Instat software (GraphPad Software, La Jolla, California, USA). Significance was defined by a *P*‐value≤0.05.

Results {#ss6}
=======

Demographic characteristics {#ss7}
---------------------------

Between September 2005 and November 2007, 60 subjects were enrolled in this study. The median age was 60 years (range of 26--73 years). Thirty‐seven were male, and 55 were Caucasian, 3 Hispanic, and 2 African American. The median time after transplantation at enrollment was 4 years (range of 1--15 years). Underlying conditions that led to transplantation included alpha‐1 antitrypsin deficiency (*N*=5), bronchiectasis (*N*=3), chronic obstructive pulmonary disease (*N*=33), cystic fibrosis (*N*=6), interstitial lung disease (*N*=3), interstitial pulmonary fibrosis (*N*=5), primary pulmonary hypertension (*N*=4), and sarcoidosis (*N*=1). Forty‐eight subjects received a single lung transplant and the remainder had bilateral or heart/lung transplants.

Incidence of HMPV and of other CARVs in lung transplant patients with new onset RTIs {#ss8}
------------------------------------------------------------------------------------

During this study 112 RTIs were clinically diagnosed. The most common symptoms were of upper RTI, such as post‐nasal drip, nasal congestion, and sore throat. Wheezing and/or shortness of breath were the main complaint of 10 patients. Six patients reported fever, chills, or sweats, and 25 reported cough. In 68 episodes, a nasal wash was obtained for etiologic diagnosis, in 22 a BAL, and in the remaining both nasal washes and BALs were performed. Fifty‐one RTIs had≥1 CARV identified, including 7 HMPV, 16 FLU A or B, 19 PIV 1, 2, or 3, 13 RSV, and 3 HRV ([Table 2](#t2){ref-type="table"}). All the HMPV infections were diagnosed by PCR, which was the only test performed for this virus. Among the other viruses, 6 were detected by PCR only and the remainder had positive results on multiple tests. The higher incidence of positive results by PCR compared with other diagnostic tests was consistent with our previous reports demonstrating the higher sensitivity of PCR ([19](#b19){ref-type="ref"}). PIV was the most frequent cause of CARV‐RTIs (17%), with a significantly higher incidence than HRV (3%, *P*=0.005) or HMPV (6%; *P*=0.03), but no different than RSV (12%) or FLU (14%). Thirty‐six RTIs had a single CARV in the diagnostic specimen and 16 RTIs had ≥2 pathogenic agents, such as 2 CARVs, or a CARV in addition to cytomegalovirus, bacteria, or fungi. The non‐viral pathogens isolated from the respiratory tract that were deemed to be contributing to the disease and treated with anti‐microbial agents were *Aspergillus fumigatus* (*N*=5), *Candida albicans* (*N*=1), *Escherichia coli* (*N*=1), *Klebsiella pneumoniae* (*N*=1), *Pseudomonas aeruginosa* (*N*=5), *Staphylococcus aureus* (*N*=2), and *Streptococcus* group C (*N*=1). Cytomegalovirus (*N*=2) was equally found in subjects with CARV‐RTIs and non‐CARV RTIs. However, bacteria and fungi were more commonly found in subjects with CARV‐RTIs (*N*=12) than in those with non‐CARV RTIs (*N*=2). The proportion of infections with a single vs. multiple agents did not significantly differ among CARV‐RTIs of different etiology. The RV season in Denver spans from the beginning of October through the end of April. Using this definition, 6 CARV‐RTIs (12%) occurred outside of the RV season compared with 15 non‐CARV RTIs (29%). All but 1 HMPV infections occurred during the RV season.

###### 

  **Incidence of human metapneumovirus (HMPV) and other respiratory viruses (RVs) in lung transplant recipients with new onset respiratory tract infection (*N*=112)**

  Virus            *N* (%)   *N* RV single agent[^1^](#t2n1){ref-type="fn"} (%)
  ---------------- --------- ----------------------------------------------------
  Any RV           51 (46)   35 (31)
  HMPV             7 (6)     4 (3)
  RSV A or B       13 (12)   8 (7)
  PIV 1, 2, or 3   19 (17)   10 (9)
  FLU A or B       16 (14)   11 (10)
  HRV              3 (3)     2 (2)
  ADV              0         NA

Other pathogens concomitantly isolated from the respiratory tract included another respiratory virus, cytomegalovirus, bacteria, or fungi.

*N*, number; RSV, respiratory syncytial virus; PIV, parainfluenza virus; FLU, influenza; HRV, human rhinovirus; ADV, adenovirus; NA, not applicable.

Morbidity of RTIs caused by HMPV and other CARVs in lung transplant recipients {#ss9}
------------------------------------------------------------------------------

Several criteria were set *a priori* for assessing the morbidity of RTIs 1) the proportion of episodes that required hospitalization; 2) those that were associated with a new diagnosis of acute graft rejection in the first 2 months after the RTI; 3) chronic graft rejection in the year following the RTI; or 4) death. All subjects were followed for ≥1 year after the diagnosis of RTI. No deaths occurred during the study.

While the protocol was to admit all paramyxoviral CARVs for inhaled ribavirin, 8 subjects required hosptialization because of the severity of their symptoms ([Table 3](#t3){ref-type="table"}). They were all in the CARV‐RTI group (16% of all CARV‐RTIs). The proportion of required‐hospitalizations of subjects with HMPV‐single‐agent RTIs was not significantly different from that of subjects with RSV‐ or PIV‐single‐agent RTIs. The median time of hospitalization was 5 days (range 2--15 days) and did not vary with the etiologic agent.

###### 

  **Morbidity of respiratory tract infections (RTIs) caused by human metapneumovirus (HMPV) and other community‐acquired respiratory viruses (CARVs) and of non‐CARV RTIs**

  Parameter                           HMPV     RSV      PIV      FLU      HRV      Any CARV   Non‐CARV
  ----------------------------------- -------- -------- -------- -------- -------- ---------- ----------
  Number of single‐agent infections   4        8        11       9        2        51         61
  Hospitalizations (%)                1 (25)   3 (38)   1 (10)   0        0        8 (16)     0
  Acute graft rejection (%)           1 (25)   7 (88)   6 (55)   5 (56)   0        23 (45)    13 (21)
  Chronic graft rejection (%)         0        2 (25)   5 (45)   1 (11)   1 (50)   13 (25)    11 (18)

RSV, respiratory syncytial virus A and B; PIV, parainfluenza virus 1, 2, and 3; FLU, influenza A and B; HRV, human rhinovirus.

Acute graft rejection within 2 months of the RTI episode was clinically diagnosed and empirically treated in 45% and 21% of CARV‐ and non‐CARV RTIs, respectively (*P*=0.002; Fisher\'s exact test). However, only 2 of these episodes, 1 in each group, were histologically confirmed, whereas in the remaining cases biopsy was not performed. RSV infections were associated with the highest proportion of clinically diagnosed acute graft rejections (88%; *P*=0.05 compared with all CARV‐RTIs). The incidence of clinical acute rejection associated with HPMV‐single‐agent RTIs was 25%, significantly lower than for RSV (*P*=0.03).

The incidence of new diagnoses of chronic graft rejection (BOS) during the year subsequent to an RTI was similar for the RTIs caused by CARVs compared with the non‐CARV RTIs (25% and 18%, respectively). Although there were no cases of chronic graft rejection following an HMPV‐single‐agent RTI, this was not statistically different from the overall incidence of CARV‐associated chronic rejection.

Discussion {#ss10}
==========

We determined that HMPV was a common agent of RTI in lung transplant recipients with an overall incidence of 6%. It was less frequent than PIV, FLU, or RSV (incidences of 17%, 14%, and 12%, respectively), roughly as common as HRV (3%), and more common than ADV, which was not found in any of the RTIs in this study. The incidence of HMPV in our patients was similar with the one found by Dare et al. ([20](#b20){ref-type="ref"}), but somewhat lower than the incidence found by others ([21](#b21){ref-type="ref"}, [22](#b22){ref-type="ref"}). RTIs caused by HMPV in the general population are seasonal with an incidence that may vary from year to year ([23](#b23){ref-type="ref"}, [24](#b24){ref-type="ref"}). However, it was suggested that in immunocompromised hosts, the incidence of HMPV may be constant ([22](#b22){ref-type="ref"}). In this study, which extended over 2 years, the HMPV‐associated RTIs were equally distributed between years and occurred almost exclusively during the RV season. Furthermore, the incidence of HMPV‐associated RTI in this study was not appreciably different from the 4% incidence that we found in a retrospective investigation of 83 respiratory specimens from 72 lung transplant recipients with RTIs between November 1999 and March 2000 ([19](#b19){ref-type="ref"}, [25](#b25){ref-type="ref"}).

A multicenter study in pediatric lung transplant recipients that partially overlapped in time with ours ([26](#b26){ref-type="ref"}) showed an incidence of RTI 2‐fold higher than the incidence of RTI in our study. This finding was not unexpected, as children are generally more susceptible to viral infections than adults. The seasonality of the CARV RTIs in the pediatric study was attenuated by the inclusion of herpes viruses and by the high proportion of ADV and HRV infections, which are endemic. A striking difference was seen in the proportion of ADV and HRV infections in the pediatric study compared with ours. This finding may be due to differences in the regional circulation of these viruses, but also begs the question of whether adult transplant recipients maintain some of the immunologic memory of ADVs and HRVs, which mitigates symptomatic infection caused by these agents.

Discriminative measurements of morbidity in this study were the need for hospitalization during the episode of RTI and the incidence of clinically diagnosed acute graft rejection in the 2 months after the RTI. Hospitalizations were most frequent in RSV‐infected patients (78%) and least frequent in the HRV‐infected patients and in those with non‐CARV RTIs (0 for both). It is likely that some of the non‐CARV RTIs in this study had a viral etiologic agent that was not detectable by the PCR and culture methods used in this study, such as coronaviruses, bocaviruses, or respiratory polyomaviruses. PIV 4, FLU C, and enteroviruses could be detected in culture, albeit not by PCR. Nevertheless, the acute morbidity of unidentified viral infections seemed to be low. Subjects with HMPV‐associated RTIs were admitted to the hospital at rates that were not significantly different from those of RSV, FLU, or PIV, suggesting that HMPV had a moderate to high degree of morbidity in the lung transplant population. Other investigators ([21](#b21){ref-type="ref"}, [22](#b22){ref-type="ref"}), who used FEV~1~ decreases to measure the severity of the RTI, also found that HMPV had similar morbidity to RSV.

Both acute and chronic graft rejections have been associated with RTIs in lung transplant recipients ([9](#b9){ref-type="ref"}). There are multiple mechanisms by which viral infections may trigger rejection, including cross‐reactive immune responses, activation of innate immune responses with consequent recruitment of alloreactive effector T cells at the site of infection, and the attenuating effect of the homeostatic proliferation that may follow a virally‐induced lymphopenia on the regulatory mechanisms that normally block T‐cell reactivity against tissue antigens ([27](#b27){ref-type="ref"}). In this study, RSV‐associated RTIs were followed by the highest incidence of acute graft rejection (78%). HMPV‐RTIs were associated with a 25% incidence of acute graft rejection, which was not statistically different than the proportion of acute graft rejection associated with RSV. The rate of chronic graft rejection did not significantly differ with the etiologic agent of the RTIs in this study.

In conclusion, HMPV is a common cause of RTI in lung transplant recipients and carries similar morbidity as other CARVs. The development of a clinical intervention to offset its morbidity would be highly beneficial in this patient population and needs to be pursued.
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